We investigated the relationships of serum uric acid levels with the progression of atherosclerosis in patients with peripheral arterial disease (PAD) after treatment. Methods: Subjects were male patients diagnosed with PAD. Atherosclerosis at the common carotid artery was evaluated based on its intima -media thickness (IMT). Leg arterial flow was evaluated by measuring ankle -brachial index (ABI) and exercise-induced decrease in ABI. 
Introduction
The pathogenesis of peripheral arterial disease (PAD) is based on atherosclerosis. Among various risk factors for atherosclerotic disease, smoking and diabetes are major risk factors for PAD 1, 2) . In addition, other atherosclerotic risk factors, including hypertension, dyslipidemia, hyperhomocysteinemia, elevated inflammatory marker levels, and chronic kidney disease, have been reported to be associated with an increased risk of PAD 1, 2) . Patients with PAD are known Copyright©2017 Japan Atherosclerosis Society This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.
Histories of illness, medication, cigarette smoking, and alcohol consumption were surveyed by questionnaires. Subjects were divided into six groups by packyear, which was calculated by multiplying the number of packs of cigarettes smoked per day by the number of years the person smoked, of cigarette consumption (nonsmokers, 0 and ≤ 10 pack-years, 10 and ≤ 20 pack-years, 20 and ≤ 40 pack-years, 40 and ≤ 60 pack-years, and 60 pack-years). Ex-smoker was not used as a category of smoking for analysis and was evaluated using pack-years. The frequency of habitual alcohol consumption was asked in the questionnaire. The frequency of weekly alcohol consumption was categorized as "5 days or more" (regular drinkers), "4 days or less" (occasional drinkers), and "never" (nondrinkers). In total, 77.0% and 54.0% of the subjects had histories of medication therapy for hypertension and dyslipidemia, respectively.
Measurements
Height and body weight were measured with light clothes on at the health checkup. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. Waist circumference was measured at the navel level according to the recommendation of the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome 19) . Fasting blood was sampled from each subject in the morning. Serum triglyceride, HDL cholesterol and LDL cholesterol levels were measured by enzymatic methods using Determiner TG II, Metabolead HDL-C, and Metabolead LDL-C (Kyowa Medex Co., Ltd, Tokyo, Japan), respectively. The coefficients of variation for the reproducibility of measurement were ≤ 3% for triglyceride levels and ≤ 5% for HDL and LDL cholesterol levels. Hemoglobin A1c levels were measured using an automatic glyco-hemoglobin analyzer based on high-performance liquid chromatography (ADAMSTM A1c HA-8170, Sekisui Medical Co., Ltd, Tokyo, Japan). As the standards of hemoglobin A1c levels used for measurement are different in the National Glycohemoglobin Standardization Program (NGSP) and Japan Diabetes Society (JDS), hemoglobin A1c levels were calibrated using a formula proposed by the JDS 20) : hemoglobin A1c (NGSP) (%) 1.02 hemoglobin A1c (JDS) (%) 0.25%. Subjects with diabetes were defined as those receiving drug therapy for diabetes and/or those showing high hemoglobin A1c levels ( ≥ 6.5%), according to the criteria for the diagnosis of diabetes by the American Diabetes Association 21) . Blood glucose, uric acid, and creatinine levels were measured by enzymatic methods using L-Type Wako Glu2, L-Type Wako UA M, and increase in oxidative stress resulting from the accumulation of uric acid and activation of xanthine oxidoreductase (XOR) in the arterial wall 10, 11) . Uric acid levels have been reported to be associated with the incidence and prevalence of PAD in the general population 12, 13) and in patients with diabetes 14) and with hypertension 15) . However, the significance of uric acid levels in patients with PAD is unknown. Therefore, the purpose of this study was to investigate the relationship of uric acid levels with PAD exacerbation after treatment.
In this study, the relationships of various atherosclerotic risk factors, including uric acid levels, with the degrees of atherosclerosis in patients with PAD were investigated. Intima -media thickness of common carotid arteries (IMT) and ankle -brachial index (ABI) were used to evaluate the degrees of atherosclerosis progression. Decrease in ABI induced by leg exercise loading, which is thought to be a good marker for asymptomatic PAD 16, 17) , was also used to evaluate ischemia in the lower limbs.
Methods

Subjects
The subjects were 87 male outpatients with a mean age of 75.2 8.0 (47 -92) years who had been diagnosed as having PAD defined as an ABI of 0.9 and/or a toe -brachial index (TBI) of 0.7 1, 18) . All subjects were patients with PAD who had been diagnosed by the criteria of low ABI ( 0.9) and/or low TBI ( 0.7). The subjects were patients who had already received therapy for PAD, and 75.9% of the subjects had received endovascular angioplasty and/or surgical treatment. The associations of uric acid levels with the incidence and prevalence of PAD in the general population have already been previously reported 12, 13) . The purpose of this clinical study was to investigate risk factors for the exacerbation of PAD after treatment in patients. Therefore, patients with a history of endovascular angioplasty and/or surgical treatment as well as those with a history of drug therapy (anti-platelet drugs) for PAD were included. This is the reason why more than 50% of the subjects showed an ABI of ≥ 0.9. The proportion of female patients with PAD was much lower than that of male patients (approximately 1:6), and the number of female patients with PAD was too small to perform proper statistical analysis of the data. Female patients were therefore not included.
The protocol of this study was approved by the Ethics Committee of Yamagata Saisei Hospital (approval number of 199 at the ethics committee in 2013), and all subjects provided informed consent. beats per minute on an alternate basis corresponding to 5.3 joules of work) using a leg loader (VSL-100A, Fukuda Denshi, Tokyo, Japan), a stress-loading device developed by Toribatake and Komine 23) . Lower and higher values measured at the right or left legs were used for the analysis of ABI and % decrease in ABI after stress loading, respectively. The cut-off values used for low ABI and high % decrease in ABI after stress loading were 0.9 and 20%, respectively. The exercise using the leg loader could not be performed by two subjects because of the weak power of their leg muscles. Arterial pressure of the right brachial artery was also recorded using CAVI-Vasera VS-1500 (Fukuda Denshi).
IMT was measured by ultrasonography in the supine position. Well-trained sonographers scanned high-resolution B-mode ultrasound images (Philips CX50, PHILIPS Electronics Japan, Tokyo, Japan) with an L12-3 MHz transducer. Three arterial wall segments in each common carotid artery were imaged from a fixed lateral transducer angle at the far wall. The far wall IMTs of both common carotid arteries L-Type Wako CRE M (Wako Pure Chemicals Industries, Osaka, Japan), respectively. Fibrinogen levels were measured by the thrombin time method using Thrombocheck-Fib (Sysmex, Kobe, Japan). C-reactive protein levels were measured by the latex agglutination method using LT Auto Wako CRP-HS (Wako Pure Chemicals Industries). The coefficients of variation for the reproducibility of measurements of hemoglobin A1c, glucose, uric acid, creatinine, and fibrinogen levels were ≤ 5% and that for the reproducibility of measurements of C-reactive protein levels was ≤ 10%. Estimated glomerular filtration rate (eGFR) was calculated using the following equation developed by the Japanese Society of Nephrology . After each subject rested in the supine position, ABI was measured by an oscillometric method using an automatic ABI device (VaSera VS-1500, Fukuda Denshi, Tokyo, Japan) at rest and after stress loading. For load stress to the legs, fatigue in the gastrocnemius and soleus muscles was induced by an isotonic ankle plantar flexion exercise (100 pedals for each leg at 60 among the groups of the 1st, 2nd, and 3rd tertiles for uric acid levels using ANOVA in the univariate analysis and ANCOVA followed by Student's t -test after Bonferroni correction in the multivariate analysis. In the logistic regression analysis, the odds ratios of subjects of the 2nd or 3rd tertile versus the 1st tertile for uric acid levels were estimated before and after adjustment for other explanatory variables. In the multivariate analyses, age, history of revascularization therapy, diabetes, smoking, alcohol consumption, BMI, and triglyceride levels were used as other explanatory variables in the regression analysis or covariates in ANCOVA. In some analyses, eGFR was added to the explanatory variables or covariates. As triglyceride and C-reactive protein levels did not show normal distributions, they were used for parametric analyses after log transformation. Probability values less than 0.05 were considered to be significant. Table 1 shows the characteristics of subjects. The proportion of subjects aged 70 years or more was 77.0%. Three-fourths of the subjects received revascularization therapy (endovascular angioplasty and/or surgical treatment). The proportion of subjects with diabetes and the proportion of subjects who smoked (current or ex-smokers) were 44.8% and 96.6%, respectively. The proportion of subjects showing high were measured at three determinations (greatest thickness point and 1-cm upstream and downstream points from the greatest thickness point). The mean IMT over the six segments of both common carotid arteries was calculated. Higher values at the right or left carotid arteries were used for the analysis of maximum and mean IMTs. A mean IMT of less than 1.0 mm was regarded as normal 24) . The coefficients of variation for the inter-observer reproducibility of the maximum and mean IMT measurements were 7.4% and 4.8%, respectively, and the coefficients of variation for the intra-observer reproducibility of the maximum and mean IMT measurements were 7.7% and 8.4%, respectively.
Results
Characteristics of Subjects
Statistical Analysis
Statistical analyses were performed using a computer software program (SPSS version 16.0 J for Windows, Chicago IL, USA). Data are presented as means standard deviations or errors for variables (except for cigarette consumption, triglycerides and C-reactive protein) showing normal distributions and medians with 25 and 75 percentile values for variables (triglycerides and C-reactive protein) not showing normal distributions. In the linear regression analysis, Pearson's correlation coefficients and standardized regression coefficients were calculated. The uric acid levels were arranged in ascending order; then, the subjects were divided into three tertile groups of equal sizes. The means of each variable were compared with ABI and decrease in ABI after exercise ( Table 2) . Moreover, both blood pressure and HDL cholesterol levels are known to be associated with triglyceride levels, which showed significant associations with ABI and decrease in ABI after exercise ( Comparison of ABI and Exercise-Induced Decrease in ABI in Subjects with Different Uric Acid Levels Table 4 shows mean ABI and % decrease in ABI after leg exercise in the subject groups of tertiles for uric acid levels. In the univariate analysis, ABI was significantly lower in the 3rd (highest) tertile group of uric acid levels than in the 1st (lowest) and 2nd (middle) tertile groups. In the multivariate analysis using age, history of revascularization therapy, diabetes, smoking, alcohol consumption, BMI, and triglyceride levels as covariates, there was still a significant difference in ABI of the 1st and 3rd tertile groups of uric acid levels. When eGFR was further added to the covariates, the difference in ABI of the 1st and 3rd tertile groups of uric acid levels was marginally significant (p 0.076). In the univariate and multivariate analyses, there were marginally significant differences mean IMTs ( ≥ 1.0 mm) was 59.8%. The proportions of subjects showing a low ABI ( 0.9) and a high % decrease in ABI after leg exercise ( ≥ 20%) were 46.0% and 41.4%, respectively. One-fourth of the subjects (25.3%) had high uric acid levels in blood ( ≥ 7.0 mg/ dl). The proportion of subjects taking uric acid-lowering drugs was 12.6%. Table 2 shows the Pearson's correlation coefficients of each atherosclerotic risk factor with maximum IMT, mean IMT, ABI, and exercise-induced decrease in ABI. Systolic blood pressure and fasting blood sugar and hemoglobin A1c levels showed significant correlations with mean IMT. Uric acid and logtransformed triglyceride levels showed significant correlations with exercise-induced decrease in ABI. There was also an inverse significant correlation between uric acid levels and ABI. However, uric acid levels showed no significant correlations with mean and maximum IMTs.
Univariate Linear Regression Analysis for Relationships of Atherosclerotic Risk Factors with Indicators of Atherosclerosis
Multivariate Linear Regression Analysis for Relationships of Uric Acid Levels with Indicators of Atherosclerosis
As shown in Table 3 , uric acid levels showed significant correlations with ABI and exercise-induced decrease in ABI after adjustment for age, history of revascularization therapy, diabetes, smoking, alcohol consumption, BMI, triglyceride levels, and eGFR. There was no significant correlation between uric acid levels and maximum or mean IMTs in the multivariate linear regression analysis. In the univariate linear regression analysis, blood pressure and LDL or HDL cholesterol levels showed no significant correlations ABI after exercise tended to be higher with an increase in tertile.
Discussion
In the linear regression analysis, among the various atherosclerotic risk factors tested, only serum uric acid levels showed significant correlations with both ABI and leg exercise-induced % decrease in ABI. These associations were confirmed by other analyses including ANOVA, ANCOVA, and logistic regression analysis and were found after adjustment for age, history of revascularization therapy, diabetes, smoking, alcohol consumption, BMI, triglyceride levels, and eGFR. Therefore, uric acid levels are related to leg ischemia independently of these possible confounding factors. To the best of our knowledge, this is the first study showing an association of uric acid levels with leg ischemia in patients with PAD. The findings of the present study may be reasonable as there have been some studies showing an association of the levels of uric acid with the incidence or prevalence of PAD in the general population 12, 13) and in patients with diabetes 14) and with hypertension 15) , although the significance of uric acid levels in patients with PAD is unknown. Thus, uric acid is thought to be a risk factor for both onset and progression of PAD. The prognosis of PAD is determined by complicated coronary heart disease and stroke [3] [4] [5] . Therefore, the present findings agree with the findings of recent studies that high serum uric acid levels are associated with increased cardiovascular disease mortality in Japanese men and women 25) and with subclinical atherosclerosis evaluated based on IMT in Chinese men and women 26) . Moreover, a recent clinical study demonstrated that serum uric acid levels are associated with coronary lipid-rich plaques in Japanese men and in exercise-induced decrease in ABI between the 1st and 3rd tertile groups of uric acid levels. ABI and exercise-induced % decrease in ABI tended to be lower and higher, respectively, with an increase in tertile in the multivariate analysis. Table 5 shows odds ratios for leg ischemia of the 2nd or 3rd tertile versus the 1st tertile for the levels of uric acid and prevalence of abnormal ABI in each tertile. The prevalences of low ABI and high % decrease in ABI after exercise were significantly higher in the 3rd tertile of uric acid levels than in the 1st tertile, and the prevalence of high % decrease in ABI after exercise was marginally significantly higher in the 2nd tertile of uric acid levels than in the 1st tertile. The crude odds ratios of the 3rd versus the 1st tertile groups of uric acid levels for low ABI and high % decrease in ABI after leg exercise were significantly higher than the reference level of 1.00. The odds ratio of the 3rd versus the 1st tertiles for low ABI was still significant after adjustment for age, history of revascularization therapy, diabetes, smoking, alcohol consumption, BMI, and triglyceride levels but was not significant after adjustment for eGFR in addition to the above explanatory variables. In the multivariate analyses with adjustment for the above explanatory variables including or excluding eGFR, odds ratios of the 3rd versus the 1st tertile groups of uric acid levels for high % decrease in ABI after exercise were significantly higher than the reference level. Crude and adjusted odds ratios of the 2nd versus the 1st tertile groups of uric acid levels for high % decrease in ABI after exercise were marginally significantly higher than the reference level. Odds ratios for low ABI and high % decrease in Means standard errors of each variable are shown. Adjustment 1: for age, history of revascularization therapy, diabetes, smoking, alcohol drinking, body mass index and log-transformed triglycerides; Adjustment 2: for estimated glomerular filtration rate in addition to the variables used in Adjustment 1. Asterisks denote significant differences from the 3rd tertile ( a , P .05). Marginally significant differences from the 3rd tertile: c , P .067; d , P .076; e , P .052; f , P .063; g , P .081. ABI, ankle-brachial index. significantly different from the reference level in the multivariate analysis (data not shown). The prevalence of low ABI was significantly higher (p 0.05) in the 3rd tertile group for uric acid levels than in its 1st tertile group (64.0% vs. 35.0%), and the prevalence of high % decrease in ABI after exercise was significantly higher (p 0.05) in the 2nd and 3rd tertile groups for uric acid levels than in its 1st tertile group [15.0% (1st tertile) vs. 52.4% (2nd tertile) vs. 52.0% (3rd tertile)]. Thus, trends for the relationships of uric acid levels with ABI and decrease in ABI after exercise were similar in the analysis using overall subjects and the analysis using only subjects with a history of revascularization therapy. Therefore, it is unlikely that revascularization therapy confounded the association of uric acid levels with leg ischemia in this study.
Logistic Regression Analysis for the Relationship of Uric Acid Levels with Leg Ischemia
The purpose of this cross-sectional study was to investigate the relationship of the uricemic status with ischemia of the lower extremities. The current uricemic status depends on whether medication therapy is being received. Therefore, we did not add medication use for hyperuricemia as a covariate or an explanatory variable in the multivariate analyses. When medication use for hyperuricemia was added as an explanatory variable in the multivariate linear regression analysis, uric acid levels showed significant negative and positive correlations with ABI ( 0.350, p 0.05) and decrease in ABI after exercise ( 0.299, p 0.05), respectively, although absolute values of the correlation coefficients became smaller by the inclusion of medication use for hyperuricemia to the explanatory variables. Thus, the significant associations of uric acid women 27) . To confirm no confounding by history of revasularization therapy for the association of uric acid levels with leg ischemia, multiple linear regression analysis and logistic regression analysis were performed using only subjects who underwent revascularization therapy. Among subjects with a history of revascularization therapy, serum uric acid levels showed a significant correlation with ABI (r 0.398, p 0.05) but not with maximum IMT (r 0.110, p 0.542) or mean IMT (r 0.107, p 0.538). These findings agree with the findings for overall subjects (Table 3) . However, the correlation coefficient between uric acid levels and % decrease in ABI after exercise in subjects with a history of revascularization therapy did not reach a significant level (r 0.233, p 0.185). In the logistic regression analysis using subjects with a history of revascularization therapy, crude odds ratios for high % decrease in ABI after exercise of the 2nd and 3rd versus the 1st tertile groups for uric acid levels were significantly higher (p 0.05) than the reference level of 1.00 [2nd tertile, 6.23 (1.40 -27.84); 3rd tertile, 6.14 (1.43 -26.35]). These odds ratios were significantly or marginally significantly higher than the reference level in the multivariate analysis using age, history of diabetes, smoking, alcohol consumption, BMI, log-transformed triglyceride levels, and eGFR as other explanatory variables (data not shown). The crude odds ratio for uric acid levels of the 3rd versus the 1st tertile groups for low ABI was marginally significantly higher (p 0.057) than the reference level of 1.00 [3.30 (0.97 -11.29)), but the odds ratio was not Odds ratios (ORs) with their 95% confidence intervals are shown. Adjustment 1: for age, history of revascularization therapy, diabetes, smoking, alcohol drinking, body mass index and log-transformed triglycerides; Adjustment 2: for estimated glomerular filtration rate (eGFR) in addition to the variables used in Adjustment 1. Asterisks denote significant differences from the 1st tertile or the reference level of 1.00 ( a , P .05; b , P .01). Marginally significant differences from the reference level: c , P 0.097; d , P 0.071; e , P 0.098. ABI, ankle-brachial arterial pressure index.
needed to determine whether the correction of uric acid levels in the blood is useful for improving leg arterial flow in patients with diabetes.
In conclusion, serum uric acid levels were associated with leg ischemia in patients with PAD independently of other atherosclerotic risk factors including age, history of revascularization therapy, diabetes, smoking, alcohol consumption, obesity, triglyceride levels, and renal function. Further studies are required to determine the usefulness of the correction of uric acid levels for an improvement in the prognosis of PAD. levels with ABI and % decrease in ABI after exercise were found even after adjustment for therapy for hyperuricemia.
It remains to be clarified whether anti-hyperuricemic therapy retards the progression of PAD. A previous randomized controlled trial showed that treatment with allopurinol did not prolong the exercise duration in patients with PAD 28) . Although this study is cross-sectional in its design and thus no causality can be discussed by the findings of this study, there is a possibility that the symptoms and prognosis of PAD are improved by therapy for hyperuricemia. Future randomized controlled studies are needed to prove this hypothesis.
Hyperuricemia is a risk factor for atherosclerosisrelated diseases 9) . However, there was no significant association of uric acid levels with maximum or mean IMT in patients with PAD. Serum uric acid levels also showed no association with cardio -ankle vascular index, a good indicator of arterial stiffness of the aorta 29) (data not shown). Thus, uric acid levels were related not to the degree of atherosclerosis in carotid arteries and the aorta but to that in the lower limb arteries in patients with PAD. The reason for this dissociation of the results by the locus of the artery is unknown. One possible explanation for the dissociation is a stronger effect of hyperuricemia on the lower limb arteries than on arteries at other loci, which could be examined in future basic experiments. The expression and activity of XOR, a rate-limiting enzyme in uric acid synthesis, are increased under hypoxia by tissue ischemia following ischemic heart disease and heart failure 10, 11, [30] [31] [32] . Therefore, in patients with PAD, XOR expression and activity are expected to be increased in the ischemic lower limb muscles, and this might explain the higher susceptibility of the lower limb arteries to hyperuricemia than that of other arteries.
There are limitations in this study. The population size was small, and the present findings should be confirmed by further studies using larger populations. Data for only male subjects were analyzed, and the possibility of a gender-related difference in the association of uric acid levels with leg ischemia needs to be investigated in the future. Three-fourths of the subjects received revascularization therapy, and approximately half of the subjects showed normal ABIs, which were 0.9 or higher. Thus, therapy for PAD is a possible confounder for the uric acid level -ABI association, although the association was also found when the history of therapy for revascularization was used as an explanatory variable or a covariate in the multivariate analyses. The design of this study was cross-sectional, and further interventional studies are therefore
